This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (usptl. 



Powder Metallurgy and Metal Ceramics, Vol. 34, Nos. 11-12. 1995 

POWDER-MATERIAL RESEARCH METHODS AND PROPERTIES 
POLYTHERMAL SECTIONS OF THE Al 2 0 3 -Zr0 2 -Y 2 0 3 PHASE DIAGRAM 

* 

S. N. Lakiza, L. M. Lopato, UDC 546-31:621:641:831 

and I. E. Kir'yakova 

Poly thermal sections of the Al 2 0 3 -Zr0 2 -Y 2 0 3 phase diagram confirm that the system is quasibinary and 
enable one to give a complete phase diagram for the system. The ternary eutectic Al 2 0 3 + Zr0 2 (solid 
solution) + Y 3 Al 5 O l2 has the lowest melting point in the system, whose temperature is 171 5°C. No single- 
phase regions for the ternary solid solutions have been identified, which indicates that Al 2 0 3 is not soluble in 
solid solutions based on F-Zr0 2 and C-Y 2 0 3 . This gives theoretical evidence for the scope for making new 
ceramics in this ternary system, which may have a high level of mechanical characteristics. 

Materials in the Al 2 0 3 -Zr0 2 -Y 2 O 3 system have high values for the viscosity and strength in the family of high- 
technology ceramics. Elements of the phase diagram for this system have been researched in [1-7]. Data on the binary 
bounding systems have been taken from [8-21]. 

Our purpose was to construct polythermai sections of the AI 2 0 3 -Zr0 2 -Y 2 0 3 phase diagram in order to represent 
it more fully. We chose three sections: along the 15 mol.% ZrC^ isoconcentrate (15Z); for 50 mol.% Al 2 O 3 -50 mol.% Zr0 2 
(50A-50Z)- Y 2 0 3 ; and ZrO 2 -YA10 3 (YA). The initial substances and the experimental methods have been described in [5]. 

The 15Z isoconcentrate (Fig. 1) intersects four primary crystallization fields: those for the phases A1 2 0 3 (A), 
Y 3 A1 5 0 12 (Y 3 A 5 ) and for solid solutions based on the fluorite-type structure of Zr0 2 (F) with various Y 2 0 3 (C). The solidus 
surface in the section is complicated. The section intersects Five isothermal planes corresponding to one peritectic (Lp + T 
F + A, where T represents solid solutions based on the tetragonal form of Zr0 2 with various Y 2 0 3 contents) and four 
eutectic ones (L E1 Y 2 A + F + C, L E2 « Y 2 A + F + YA, L E3 «* YA + F + Y 3 A 5 , L E4 <* Y 3 A 5 + F + A, where Y 2 A 
«=> Y 4 A1 2 0 9 ), which are nonvariant equilibria, and also lineated crystallization surfaces for six (out of eleven) binary eutectics: 
L C + Y 2 A, L Y 2 A + F, L YA + F, L ♦» Y 3 A 5 + F,L«*A + FandL*»A + T, whose crystallization volumes 
lie between the liquidus and solidus surfaces for the Al 2 0 3 -Zr0 2 -Y 2 0 3 system. The polymorphic transition in Y 2 0 3 (H <=> 
C) occurs at 2350°C, which is close to the eutectic in the ZrOj-Y^ system (2360°C). _The l5Z isoconcentrate intersects 
all three partially quasibinary sections in the ternary system, and the widths of the two-phase regions for these are seen in 
Fig. la. * ■ 

Parts a-c of Fig. 2 show heating curves for certain alloys in the 15 mol.% ZrQj isoconcentrate section, while Fig. 3 
shows the microstructures. 

The 50A-50Z-Y 2 O 3 section intersects four primary crystallization fields: T, F, C, and H phases (Fig. lb). The 
solidus surface is complicated, as is the 15 mol.% Zr0 2 isoconcentrate (Fig. la). The section intersects five isothermal planes 
corresponding to one peritectic nonvariant equilibrium P and four eutectic ones E l? E 2 , E 3 , and E 4 , and also lineated surfaces 
for the end of crystallization of the binary eutectics C + Y 2 A, Y 2 A + F, YA + F, Y 3 A 5 + F, A + F. The A + T section 
between the liquidus and solidus surfaces in the ternary system intersects the crystallization volumes for eight binary eutec- 
tics: L * C + Y 2 A, L ~ Y 2 A + F, L « Y 3 A 5 + F, L <* T + F, L~F + C, L ~ YA + F, L <=> A + F, L * T + A. 

This section differs from the 15Z isoconcentrate section in that instead of the crystallization volume for the Y 3 A 5 + 
A binary eutectic it intersects the same volume for T + F. It is formed by connode triangles based on the equilibrium T and 
F phases, whose compositions lie near the Zr0 2 vertex and migrate along the curves T'T" and FT", while the compositions 
of the liquid migrate along the monovariant equilibrium line m 2 P [7], Fig. la. At the temperature of the peritectic four-phase 

Materials Science Institute, Ukrainian National Academy of Sciences, Kiev. Translated from Poroshkovaya Metal- 
lurgiya, Nos. 11-12(382), pp. 74-79, November-December, 1995. Original article submitted February 25, 1993. 



1068-1302/95/1112-0655512.50 <°1996 Plenum Publishing Corporation 



' 655 



2360 








L_ 





8SAI0 3 -15ZrO 2 20 30 40 50 60 8Sy 2 O r i5ZrC 2 




2440 



-=$2350 



S0AI 2 O f50ZO2 20 30 40 50 60 70 SO 
y 2 Q 3 ,% (mo!.) 
b 




10 20 30 40 50 60 70 80 90 ZrO s 
(mol.) 



Fig. 1. Polythermal sections of the A1 2 0 3 - ZrO,- Y 2 0 3 phase diagram: 
a) 15 Zr0 2 ; b) 50 Al 2 O 3 -50 Zr0 2 -Y 2 0 3 ; c) Zr0 2 -YA10 3 . 
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Fig. 2. Heating curves for alloys in polythermal sections of the Al 2 0 3 -ZrO 2 -Y 2 O 3 phase 
diagram. 15 Zr0 2 isoconcentrate: a) 20 Y 2 0 3 ; b) 36 Y 2 0 3 ; c) 60.5 Y 2 0 3 . Section 50 
Al 2 O 3 -50 Zr0 2 -Y 2 0 3 : d) 5 Y 2 0 3 ; e) 55 Y 2 0 3 ; f) 65 Y 2 0 3 . Section Zr0 2 -YA10 3 : g) 5 
Zr0 2 ; h) 30 Zr0 2 ; i) 60 Zr0 2 . 




Fig. 3. Structure of alloys on the 15 Zr0 2 isoconcentrate for the Al 2 0 3 -ZrO 2 -Y 2 O 3 phase 
diagram. Y 2 0 3 in mol.%: a) 15 (A, A + F + Y 3 A 5 ); b) 20 (Y 3 A 5 , A + F + Y 3 A 5 ); c) 43 
(F, F + YA, Y 3 A 5 + F + YA); d) 56(F, F + Y 2 A, YA + F + Y 2 A); e) 70 (C, C + F, 
Y 2 A + F + C); magnifications: a) 2000; b) 700; c and e) 1000; d) 800. 



Parts d-f of Fig. 2 show heating curves for alloys in the 50A:50Z-Y 2 O 3 section, while Fig. 4 shows the microstruc- 



tures. 



The Zr0 2 -YA section (Fig. lc) indicates the structure of the Al 2 0 3 -Zr0 2 -Y 2 0 3 phase diagram at the Zr0 2 
vertex. That section intersects two primary crystallization fields: YA and F. The solidus surface for this section is simpler 
than those for the two previous sections. The section intersects three isothermal planes corresponding to one peritectic 
nonvariant equilibrium P and two eutectic ones % and E 4 , and also the lineated surfaces for the end of crystallization for the 
three binary eutectics Y 3 A 3 + F, A + F and A + T, whose crystallization volumes lie between the liquidus and solidus 
surfaces in the Al 2 0 3 -Zr0 2 -Y 2 0 3 system. The temperature of the polymorphic transition in Zf0 2 (T<*F) falls smoothly as 
the Y 2 0 3 content increases from 2370 to 1745°C, the temperature of the four-phase peritectic transformation Lp + T «» F + 
C. Below the solidus temperatures, the Zr0 2 -YA section intersects three three-phase regions separated by corresponding 
broad two-phase regions. 

Parts g-i of Fig. 2 show the heating curves for certain alloys in the ZrC^-YA section, while Fig. 5 shows the micro- 
structures. 
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Fig. 4. Electron micrographs of certain alloys in the 50 Al 2 O 3 -50 Zr0 2 -Y 2 0 3 polythennal 
section for the Al 2 0 3 -Zr0 2 -Y 2 0 3 phase diagram, X1000. Y 2 0 3 contents in mol.%: a) 3 
(T, A + T + F); b) 12 (F, A +F, eutectic A + F + Y 3 A 5 ); c) 20 (F, F + Y 3 A 5 , A + F 
+ Y 3 A 5 eutectic); d) 65 (F, F + C. Y 2 A + F + C eutectic). 




Hg^ 5. Structures of alloys in the ZrOj-YAlC^ polythennal section of the 
Al 2 0 3 -Zr02-Y20 3 phase diagram. Zr0 2 in mol.%: a) 10 (YA, YA + F, Y 3 A 5 + F + 
YA); b) 22 (F, Y 3 A 5 + F, Y 3 A 5 + F + YA); c) 35 (F, Y 3 A 5 + F); d) 60 (F. F + A, A 
+ F + Y 3 A 5 ); e) 80 (F, A + F). Magnifications: a) 600; b) 2000; c and d) 1000; e) 700. 



n ,, a<! -h- r P '¥ m T? SCCti0nS f0r ±& A1 20 3 -Zr0 2 -Y 2 0 3 system confirm that the sections examined in [5] are 

T AlT + V Tn ?] dat3 ' ^ 8iVe ^ C ° mplete ^ ^ l0W me,tin * **** < 1715 ° C > for 

stows 2t Al O J£ ^"J"""? T CtiC ' Single "P hase re S ions fOT * e te ™*y solid solutions are not observed/which 
shows that A1 2 0 3 is not soluble m the F and C solid solutions. This is the theoretical basis for making new ceramics in this 
ternary system with a high level of mechanical properties 
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